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1
MAGNESIUM CELL AND MAGNESIUM CELL
SYSTEM

This application is based on Japanese patent application
No. 2013-123646 filed on Jun. 12, 2013, the contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magnesium cell and a
magnesium cell system.

2. Description of the Related Art

Magnesium cells have recently received attention as next-
generation high-capacity cells as an alternative to lithium ion
batteries.

An ordinary magnesium cell is provided with a negative
electrode having an extraction electrode and a negative elec-
trode fuel including a magnesium alloy which contains alu-
minum and calcium, an electrolytic solution for eluting mag-
nesium ions from the negative electrode fuel, a separator for
holding the electrolytic solution therein, and a positive extrac-
tion electrode. In such a magnesium cell, chemical reactions
take place at the negative electrode fuel and the electrolytic
solution, which produces electric power (Japanese Laid-open
Patent Publication No. 2012-234799).

A magnesium cell has the following advantages:

(1) Magnesium is an abundant element and relatively inex-
pensive.

(2) Magnesium has a large energy capacity per unit volume.

(3) Magnesium cell is compact and can realize high-capacity
cell.

(4) Magnesium cell is renewable energy and is environmen-
tally friendly.

As described above, in the conventional magnesium cells,
the magnesium alloy and the electrolytic solution come to
contact with each other, so that chemical reactions take place.
Thereby, electromotive force is generated, which allows for
supply of electric power as cells.

However, in the conventional magnesium cells, once the
chemical reactions start, stopping the same is difficult, which
results in fast consumption of the cell capacity. For this rea-
son, in some instances, it is difficult to supply necessary
electric power stably when needed.

SUMMARY

The present disclosure is directed to solve the problems
pointed out above, and therefore, an object of an embodiment
of'the present invention is to provide a magnesium cell which
allows for stable supply of necessary electric power when
needed, and also allows for efficient use of magnesium fuel.

According to one aspect of the present invention, a mag-
nesium cell includes a positive electrode; a negative electrode
including a magnesium alloy; and a separator disposed
between the positive electrode and the negative electrode to
hold an electrolytic solution; wherein a contact area between
the negative electrode and the separator is variable.

These and other characteristics and objects of the present
invention will become more apparent by the following
descriptions of preferred embodiments with reference to
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are diagrams illustrating a magnesium cell
according to a first embodiment of the present invention.
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FIGS. 2A and 2B are diagrams showing an example of a
magnesium cell according to a first embodiment.

FIGS. 3A-3C are diagrams illustrating a magnesium cell
according to a second embodiment of the present invention.

FIG. 4 is a diagram showing an example of a magnesium
cell according to a second embodiment.

FIGS. 5A-5C are diagrams illustrating a magnesium cell
according to a third embodiment of the present invention.

FIGS. 6A-6C are diagrams illustrating a magnesium cell
according to a fourth embodiment of the present invention.

FIG. 7 is a diagram showing an example of a magnesium
cell according to a fourth embodiment.

FIGS. 8A-8C are diagrams illustrating a magnesium cell
according to a fifth embodiment of the present invention.

FIG. 9 is a diagram illustrating a typical structure of a
magnesium cell.

FIG. 10 is a block diagram showing an embodiment of a
magnesium cell system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[Explanation of Magnesium Cell]

First off, a typical structure of a magnesium cell is
described. The structure of the magnesium cell is detailed in
Japanese Laid-open Patent Publication No. 2012-234799.
The brief description of the structure is provided below.

Referring to FIG. 9, a cell (magnesium cell) 100 includes a
negative electrode material 112 including a magnesium alloy,
a positive electrode collector 116 for supplying electrons to
air (oxygen) as a positive electrode material, a separator 114
disposed between the negative electrode material 112 and the
positive electrode collector 116, an electrolytic solution 118
for eluting magnesium ions (Mg>*) from the negative elec-
trode, and an electrolytic solution tank 120 for storing the
electrolytic solution 118.

The negative electrode material (negative electrode) 112 is
composed of a magnesium alloy. The magnesium alloy
means an alloy based on magnesium (Mg), for example, an
alloy containing 50 wt % or more magnesium. For example,
Mg—Al alloys, Mg—Mn alloys, Mg—Zn alloys, Mg—Al—
Zn alloys and Mg—7n—Z7r alloys are known as magnesium
alloys. Elements other than aluminum and calcium may be
added to the magnesium alloy. Examples of such additional
elements include Zn, Mn, Si, Cu, Li, Na, K, Fe, Ni, Ti and Zr.

The shapes of the magnesium alloy used as the negative
electrode material 112 are not particularly limited. For
example, the magnesium alloy may be shaped into a sheet,
particles or powder. In this description, a magnesium alloy
containing aluminum (Al) and calcium (Ca) is used.

The separator 114 is disposed between the negative elec-
trode material 112 and the positive electrode collector 116.
The separator 114 prevents a short circuit between the nega-
tive electrode material 112 and the positive electrode collec-
tor 116, and also has a role of drawing up the electrolytic
solution 118 reserved in the electrolytic solution tank 120 and
holding the electrolytic solution 118. The separator 114 is not
particularly limited. Examples of the separator 114 include
polyethylene fibers, polypropylene fibers, glass fibers, resin
nonwoven fabrics, glass nonwoven fabrics, and filter paper.

The positive electrode collector (positive electrode) 116
has a role of supplying electrons to oxygen in the air as the
positive electrode material. The material of the positive elec-
trode collector 116 is not particularly limited as long as the
material has conductivity. The material of the positive elec-
trode collector 116 may be, for example, carbonaceous mate-
rials such as activated carbons, carbon fibers and carbon felts,
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and metal materials such as iron and copper. Particularly
preferably, a carbon powder is used as the material of the
positive electrode collector 116 in view of the facts that this
material has a large area of contact with atmospheric oxygen
and has excellent collection efficiency.

The electrolytic solution 118 serves as a medium in which
magnesium ions (Mg*) formed at the negative electrode
material 112 are eluted, and also has a role of supplying water
(H,O) to the positive electrode for the reaction with oxygen.
The electrolytic solution 118 may be an acidic, alkaline or
neutral aqueous solution. The electrolytic solution 118 may
be, for example, an aqueous sodium chloride solution, an
aqueous sodium hydroxide solution, an aqueous sodium
hydrogencarbonate solution and an aqueous sodium percar-
bonate solution. The electrolytic solution 118 may be, for
example, aqueous fluoride solutions and halogen-containing
aqueous solutions. The electrolytic solution 118 may be, for
example, an aqueous polyvalent carboxylate solution as that
disclosed in Japanese Laid-open Patent Publication No.
2010-182435. The electrolytic solution 118 may be a mixture
of different solutions.

The shape and material of the electrolytic solution tank 120
are not particularly limited as long as the electrolytic solution
118 can be reserved therein. For example, the electrolytic
solution tank 120 may be a container formed of a synthetic
resin such as polypropylene.

Wires or the like made of a conductive material such as
copper may be attached to the surface of the positive electrode
collector 116 in contact with air. This structure increases the
area of contact between the positive electrode collector 116
and oxygen, and further enhances the power collection effi-
ciency at the positive electrode of the cell 100.

While the cell 100 in FIG. 9 is illustrated as having a
sequential stack of the negative electrode material 112, the
separator 114, and the positive electrode collector 116, the
structure of the cell 100 is not limited thereto. For example,
the cell 100 may have a structure in which the separator 114
and the positive electrode collector 116 are sequentially
wound around a sheet of the negative electrode material 112.

The reactions taking place at the positive electrode and the
negative electrode of the cell 100 are represented by the
following equations, respectively.

Positive electrode: O,+2H,0+4e™—=40H~
Negative electrode: 2Mg—2Mg?*+4e~

Whole: 2Mg+0,+2H,0—+2Mg(OH), |

Magnesium in the negative electrode is eluted into the elec-
trolytic solution in the form of magnesium ions by releasing
electrons. On the other hand, oxygen and water receive the
electrons at the positive electrode to form hydroxide ions. As
a whole of the cell, magnesium, oxygen and water form
magnesium hydroxide (Mg(OH),) while developing electro-
motive force between the electrodes.

[Magnesium Cell According to Embodiments of the
Present Invention]

In the practice of the present invention, the cell 100
described with reference to FIG. 9 may take a number of
configurations. The following is a description of a magne-
sium cell according to embodiments of the present invention.

In the embodiments, the negative electrode of the forego-
ing equation is provided with a fuel member that includes a
magnesium alloy and is contactable to a separator, and a
negative electrode member which is disposed to be in contact
with the fuel member and is operable to extract current. The
fuel member and the negative electrode member in the
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embodiments form the negative electrode, and the negative
electrode corresponds to the negative electrode material 112
shown in FIG. 9.

The fuel member is sandwiched between the negative elec-
trode member and the separator, and is slidable therebetween.
Stated differently, the fuel member is movable in the insertion
and removal directions while maintaining contact with the
negative electrode member and the separator. When being
used, magnesium as the fuel member is eluted into the elec-
trolytic solution and is reduced. Therefore, the fuel member is
pushed to move downward, so that a new (unused) part of the
fuel member is supplied as the negative electrode instead of
the old (used) part.

According to the magnesium cell of this embodiment, the
fuel member is pushed gradually to be additionally supplied
as the negative electrode. This makes it possible to extract
necessary electric power when needed and to supply the
electric power to a load in a stable manner for a long term. In
particular, it is possible to control electric power produced as
acell by adjusting an amount of additional supply by control-
ling the insertion amount (travel distance) of the fuel member.

The positive electrode is a current extracting electrode
member which is to serve as the positive electrode collector
shown in FIG. 9. The positive electrode is placed so as to be
in contact with the separator holding the electrolytic solution
therein. Stated differently, the separator is disposed between
the positive electrode and the negative electrode. The separa-
tor prevents a short circuit between the positive electrode and
the negative electrode.

The foregoing chemical reactions take place by the contact
through the separator between the fuel member of the nega-
tive electrode and the electrolytic solution, so that electromo-
tive force of the cell is generated. In the embodiments, an area
of a contact part in which the negative electrode and the
separator touch each other is variable. This allows for pro-
duction of any electric power.

In the meantime, cell characteristics are represented based
on the following two values:

(1) the total current produced per unit weight of a fuel mem-
ber (a negative electrode) (=capacitance Ah/g); and

(2) the total electric power which is a product of the total

current multiplied by voltage (=energy density Wh/g). The
capacitance (Ah/g) is determined from the atomic weight
of'the metal used in the fuel member, the charge number of
ions, and the charge of electrons, and directly reflects the
characteristics of the metal used in the fuel member. The
theoretical capacitance of pure magnesium is 2.2 Ah/g. In
the embodiments, the magnesium alloy (alloy containing
magnesium in, for example, 92 wt %) is used. In such a
case, the capacitance of this magnesium alloy is, for
example, 1.63 Ah/g, and approximately 80% of the elec-
tricity available according to the theoretical capacitance is
produced, which allows for highly efficient production of
electricity.

The energy density is related to the voltage occurring in a
cell. According to the ionization potential of the metal, mag-
nesium cells have a possibility of producing 2.37 V potential.
However, the voltage occurring in a cell and thus the available
energy density are significantly affected by the characteristics
of'the positive electrode. Because fuel cells, in particular, are
of'such a type that the positive electrode material is oxygen in
air, the problem is how to react magnesium ions with oxygen
so as to realize efficient extraction of charges. Thus, the
energy density is affected not only by the performance of the
fuel member as the metal electrode (the negative electrode)
but also by the configuration of the positive electrode such as
materials, catalysts and structures.
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As described above, the magnesium cell of the embodi-
ments includes the negative electrode (fuel member+negative
electrode member), the positive electrode (current extracting
electrode member), and the separator for holding the electro-
Iytic solution therein. The separator is disposed between the
negative electrode and the positive electrode. The electromo-
tive force of the cell is generated by the contact through the
separator between the fuel member of the negative electrode
and the electrolytic solution. In other words, the supply
amount of the fuel member, or, a contact area in which the fuel
member and the separator touch each other (an area of a part
in which the fuel member is in contact with the electrolytic
solution) is adjusted. Thereby, the degree of chemical reac-
tion in the magnesium cell is controlled, which makes it
possible to produce any amount of electric power. The rela-
tionship between the supply amount of the fuel member or the
contact area in which the fuel member and the separator touch
each other, and the amount of electric power supplied by the
cell depends on the actual structure of the magnesium cell.

In the embodiments, as an example of the method for
adjusting the contact area in which the fuel member comes
into contact with the separator, control is performed based on
a table showing the correlation between the contact area and
the supply amount of electric power. To be specific, in order to
produce electric power corresponding to consumed electric
power, the contact area is automatically varied in accordance
with ON/OFF of the power of an electronic device which is
supplied with electric power from the magnesium cell, or in
accordance with transition of operation modes of the elec-
tronic device.

First Embodiment

FIGS. 1A-1C are diagrams for illustrating a magnesium
cell 3 according to a first embodiment of the present inven-
tion.

Referring to FIGS. 1A-1C, the magnesium cell 3 includes
apositive electrode member 11, a separator 12, a fuel member
13, and a negative electrode member 14.

The positive electrode member 11 is a current extracting
electrode member serving as a positive electrode collector.
Examples of the positive electrode member 11 include metal
materials such as iron and copper, or carbonaceous materials
such as activated carbons, carbon fibers, carbon felts, and
carbon powder. The positive electrode member 11 may have
a plate-like shape, band-like shape, block-like shape, and any
other shapes. The positive electrode member 11 itself serves
as a positive electrode PK.

The separator 12 is made of a porous material which
enables the separator 12 to hold the electrolytic solution
therein. The separator 12 is placed so as to be in contact with
the positive electrode member 11. The separator 12 has a large
surface area because a large number of microscopic pores are
formed inside the separator 12. Thereby, the separator 12 has
strong adsorptive properties to gas, liquid molecules, and
ions. The electrolytic solution is impregnated into the sepa-
rator 12 and held therein.

The separator 12 is made of, for example, polyethylene
fibers, polypropylene fibers, glass fibers, resin nonwoven fab-
rics, glass nonwoven fabrics, or filter papers.

The separator 12 has appropriate elasticity. When a press-
ing force is applied to the separator 12 from the positive
electrode member 11 side to the fuel member 13 side, the
separator 12 deforms elastically. Depending on the deforma-
tion amount, the contact area between the separator 12 and the
fuel member 13 is variable.
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The separator 12 is made of, for example, a sponge-like
material. Alternatively, the separator 12 is configured in such
a manner that the both ends of a nonwoven fabric are fixed to
the both ends of the positive electrode member 11, a soft pad
is placed inside the nonwoven fabric, and the soft pad is
movable. This makes it possible to adjust the contact area
correctly, and to assure endurance.

The fuel member 13 includes a magnesium alloy. The fuel
member 13 is placed so as to come into contact with the
separator 12. The fuel member 13 is movable between the
separator 12 and the negative electrode member 14 while
maintaining the contact therewith. The fuel member 13 may
be shaped into, for example, a plate, sheet, particles, grains,
powder, or other shapes. The fuel member 13 may be one
processed into a variety of shapes.

The negative electrode member 14 is a current extracting
electrode member serving as a negative electrode collector.
Examples of the negative electrode member 14 include metal
materials such as iron and copper, or conductive materials
including carbon. The negative electrode member 14 is so
placed that the negative electrode member 14 comes into
contact with the fuel member 13 to serve as one electrode
(negative electrode). In short, the fuel member 13 and the
negative electrode member 14 constitute a negative electrode
NK.

Referring to FIG. 1A, the separator 12 is pressed against
the fuel member 13 by the positive electrode member 11.
Thereby, the separator 12 is deformed largely in an elastic
manner, and an area (contact area) SS1 of the contact part SB
between the fuel member 13 and the separator 12 has a maxi-
mum size in the magnesium cell 3.

Referring to FIG. 1B, the distance between the fuel mem-
ber 13 and the positive electrode member 11 is larger than that
in the case of FIG. 1A. Thereby, the deformation amount of
the separator 12 is reduced and a contact area SS2 is also
reduced as compared to the case of FIG. 1A.

Referring to FIG. 1C, the distance between the fuel mem-
ber 13 and the positive electrode member 11 is further larger
than the case of FIG. 1B. Thereby, the deformation amount of
the separator 12 is further reduced and a contact area SS3 has
a minimum size in the magnesium cell 3.

As discussed above, the contact area SS is varied by the
deformation of the separator 12 due to the movement of the
positive electrode member 11. When the contact area SS is
varied, the degree or speed of chemical reaction in the mag-
nesium cell 3 changes, which causes the magnesium cell 3 to
produce electric power depending on the change.

Inthe examples of FIGS. 1A-1C, the entirety of the positive
electrode member 11 moves parallel to the fuel member 13.
Instead of this, the positive electrode member 11 may move in
other different ways. For example, another arrangement is
possible in which the positive electrode member 11 rotates
around a specific position, and the separator 12 sandwiched
between the rotating positive electrode member 11 and the
fuel member 13 deforms, and thereby, the contact area SS is
varied.

FIGS. 2A and 2B show an example of the magnesium cell
3 of the first embodiment in which the movement mechanism
of the positive electrode member 11 is specifically shown.

Referring to FIGS. 2A and 2B, a magnesium cell 3A is
provided with a cam member 21 which rotates around an axis
21a in order to move the positive electrode member 11 of the
magnesium cell 3 as described above.

The cam member 21 has a substantial elliptical shape. The
cam member 21 rotates around the axis 21a, which moves the
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positive electrode member 11 by a distance corresponding to
the difference between the small diameter and the long diam-
eter of the cam member 21.

Referring to FIG. 2A, the distance between the fuel mem-
ber 13 and the positive electrode member 11 is a maximum
distance in the magnesium cell 3A, and a contact area SS4 has
a minimum size. Referring to FIG. 2B, the distance between
the fuel member 13 and the positive electrode member 11 is
short, and a contact area SS5 has a large size.

The contact area may be adjusted to have any value of the
range from SS4-SS5 by setting the angle of the rotational
position of the cam member 21 arbitrarily.

The mechanism for moving the positive electrode member
11 is not limited to that of the cam member 21 shown in FIGS.
2A and 2B, and may be any other mechanisms.

Ineach of FIGS. 1A-2B, an oblique-broken line is shown in
the middle of the fuel member 13. The oblique-broken line
indicates a boundary KB between a used part 13S and an
unused part 13M. To be specific, the fuel member 13 is
configured in such a manner that, when a part thereof con-
tacting the separator 12 is spent, the fuel member 13 is moved
downward in the drawing by manual operation or an appro-
priate driving device, and thereby, the unused part 13M
comes into contact with the separator 12 to cause the chemical
reaction as a cell depending on the contact area SS. As for the
used part 13S, the fuel member 13 is entirely structured to
have elasticity, and the used part 13S is reeled up, which is
space-saving.

Second Embodiment

FIGS. 3A-3C are diagrams illustrating a magnesium cell
3B according to the second embodiment of the present inven-
tion. In FIGS. 3A-3C, elements that have the same functions
as those in FIG. 1A-1C are identified with the identical ref-
erence symbols, and the description thereof will not be
repeated or will be simplified. The same applies to the
descriptions hereinafter.

Referring to FIGS. 3A-3C, the magnesium cell 3B includes
the positive electrode member 11, a separator 12B, the fuel
member 13, and the negative electrode member 14.

The separator 12B includes a plurality of separator cham-
bers 12R1, 12R2, . . ., and 12R5 which are partitioned and
provided on a plane along the surface of the fuel member 13
of the negative electrode NK. The contact area SS with the
fuel member 13 is varied by selectively supplying an electro-
Iytic solution to the separator chambers 12R1, 12R2, .. ., and
12R5 to cause the same to hold the electrolytic solution
therein.

To be more specific, the separator 12B includes the sepa-
rator chambers 12R1, 12R2, . . ., and 12R5 which are parti-
tioned by vertical planes on the surface of the positive elec-
trode member 11 and the surface of the fuel member 13. The
contact area SS can be changed depending on whether or not
the electrolytic solution is supplied to each of the separator
chambers 12R.

Referring to FIG. 4, the separator chambers 12R are sepa-
rated from each other by partition members 16, 16, . . . , and
16. Each of the separator chambers 12R is supplied with the
electrolytic solution DE contained in an electrolytic solution
tank 23 through a tube 22 by drive of a pump P. This makes it
possible to control whether or not to supply the electrolytic
solution DE to each ofthe separator chambers 12R. The pump
P is provided separately in each of the separator chambers
12R. Drive of each of the pumps P is controlled, which allows
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for supply of the electrolytic solution DE to each of the
separator chambers 12R and discharge thereof from each of
the separator chambers 12R.

The electrolytic solution DE passes through the separator
chambers 12R and spreads over the fuel member 13 to contact
the same. This causes chemical reaction to develop the elec-
tromotive force of the cell. The separator chamber 12R from
which the electrolytic solution DE is discharged cannot make
the electrolytic solution DE contact with the fuel member 13;
therefore no electromotive force of the cell is developed in
that part.

Referring to FIG. 3A, only the center separator chamber
12R3 is supplied with the electrolytic solution DE. Therefore,
only the separator chamber 12R3 comes into contact with the
fuel member 13, and a contact area SS6 has a minimum size
in the magnesium cell 3B.

Referring to FIG. 3B, the three separator chambers 12R2-
12R4 provided in the middle are supplied with the electrolytic
solution DE. Therefore, the three separator chambers 12R2-
12R4 come into contact with the fuel member 13, and a
contact area SS7 is larger than the contact area SS6 by
approximately three times.

Referring to FIG. 3C, all of the five separator chambers
12R1-12R5 are supplied with the electrolytic solution DE.
Therefore, all of the five separator chambers 12R1-12R5
come into contact with the fuel member 13, and a contact area
SS8 has a maximum size in the magnesium cell 3B.

As discussed above, the contact area SS is varied by con-
trolling whether or not to supply the electrolytic solution DE
to the separator chambers 12R1-12R5. When the contact area
SS is varied, the degree of chemical reaction in the magne-
sium cell 3B changes. This enables the magnesium cell 3B to
produce electric power depending on the change.

Inthis embodiment, the number of separator chambers 12R
is set at 5. Instead of this, however, the number of separator
chambers 12R may be 4 or smaller, or, alternatively, 6 or
greater. The contact areas of the separator chambers 12R may
have the same size, or, may have different sizes. In the latter
case, if the ratio of the contact areas of the separator chambers
12R is set at a multiple of 2 in order, the size of the entirety of
the contact area SS can be finely controlled step by step
depending on the combination of the contact areas SS. The
same is similarly applied to the embodiments provided below.

The partition member 16 may be a plate-like member made
of synthetic resin such as polyethylene or polypropylene. The
partition member 16 may be made of other materials and may
have other shapes. The pump P, the tube 22, and the electro-
Iytic solution tank 23 may have a variety of structures and
shapes.

The pump P is used to supply the electrolytic solution DE
to each of the separator chambers 12R or to discharge the
electrolytic solution DE therefrom. The supply and discharge
of'the electrolytic solution DE may be performed by a method
other than the use of the pump P.

Third Embodiment

FIGS. 5A-5C are diagrams illustrating a magnesium cell
3C according to the third embodiment of the present inven-
tion.

Referring to FIGS. 5A-5C, the magnesium cell 3C includes
the positive electrode member 11, a separator 12C, the fuel
member 13, and the negative electrode member 14.

As with the foregoing separator 12B, the separator 12C
includes the separator chambers 12R1, 12R2, . . ., and 12R5
which are partitioned and provided on a plane along the
surface of the fuel member 13.
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An electrolytic solution is supplied to each of the separator
chambers 12R1-12R5, and held therein. A shield member 17
is selectively inserted into a contact part between the fuel
member 13 and the separator chambers 12R1-12R5. Thereby,
the contact area SS with the fuel member 13 can be varied.

Referring to FIG. 5A, the shield member 17 is inserted into
each of the four separator chambers 12R1, 12R2, 12R4, and
12RS5, which does not allow the separator chambers 12R1,
12R2, 12R4, and 12RS5 to contact the fuel member 13. Only
the separator chamber 12R3 provided in the center comes into
contact with the fuel member 13. Therefore, a contact area
SS9 has a minimum size in the magnesium cell 3C.

Referring to FIG. 5B, the shield member 17 is inserted into
each of the two separator chambers 12R1 and 12RS, which
allows the three separator chambers 12R2-12R4 provided in
the middle to contact the fuel member 13. Therefore, a contact
area SS10 is larger than the contact area SS9 by approxi-
mately three times.

Referring to FIG. 5C, no shield member 17 is inserted into
the separator chambers 12R1-12R5, which allows all of the
five separator chamber 12R1-12R5 to contact the fuel mem-
ber 13. Therefore, a contact area SS11 has a maximum size in
the magnesium cell 3C.

As discussed above, the contact area SS is varied by con-
trolling whether or not to insert the shield member 17 into the
separator chambers 12R1-12R5. When the contact area SS is
varied, the degree of chemical reaction in the magnesium cell
3C changes. This enables the magnesium cell 3C to produce
electric power depending on the change.

The shield member 17 may be a plate-like member made of
synthetic resin. The shield member 17 may be made of other
materials and may have other shapes. In order to insert or
remove the shield member 17, a solenoid, motor, or other
types of driving mechanisms may be used.

Fourth Embodiment

FIGS. 6A-6C are diagrams illustrating a magnesium cell
3D according to the fourth embodiment of the present inven-
tion.

Referring to FIGS. 6A-6C, the magnesium cell 3D
includes the positive electrode member 11, a separator 12D,
the fuel member 13, and the negative electrode member 14.

As with the foregoing separator 12B, the separator 12D
includes the separator chambers 12R1, 12R2, . . ., and 12R5S
which are partitioned and provided on a plane along the
surface of the fuel member 13. An electrolytic solution is
supplied to each of the separator chambers 12R1, 12R2, . . .,
and 12R5, and reserved therein.

Referring to FIG. 7, the separator chambers 12R1-12R5
have, on one of their ends, positive members 11M1-11M5 and
expansion driving members 1871-1875, respectively. The
other ends of the expansion driving members 1871-1875 are
fixed to the positive electrode member 11.

The positive members 11M1-11M5 constitute a part of the
positive electrode PK. The positive members 11M1-11M5
are made of metal materials such as iron and copper, or
carbonaceous materials such as activated carbons, carbon
fibers, carbon felts, and carbon powder. The positive mem-
bers 11M1-11M5 are movable with respect to the positive
electrode member 11. The positive members 11M1-11M5 are
electrically connected to the positive electrode member 11
through a non-illustrated conductive material.

The expansion driving members 1871-1875 serve to drive
units having the separator chambers 12R1-12R5 and the posi-
tive members 11M1-11MS5 respectively to move the same to
a contact position or removal position with respect to the fuel
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member 13. The expansion driving members 1871-1875 may
be, for example, an electric actuator such as a piezoelectric
element, or, an electromagnetic actuator such as a solenoid or
motor.

The expansion driving members 1871-1875 are driven
selectively, so that the separator chambers 12R1-12RS5 corre-
sponding thereto come into contact with the fuel member 13.
Thereby, the contact area SS between the separator 12D and
the fuel member 13 can be varied.

Referring to FIG. 6A, only the center separator chamber
12R3 is moved to the contact position to come into contact
with the fuel member 13. Therefore, a contact area SS12 has
a minimum size in the magnesium cell 3D.

Referring to FIG. 6B, the three separator chambers 12R2-
12R4 provided in the middle are moved to the contact posi-
tion to come into contact with the fuel member 13. Therefore,
a contact area SS13 is larger than the contact area SS12 by
approximately three times.

Referring to FIG. 6C, all of the five separator chambers
12R1-12R5 are moved to the contact position to come into
contact with the fuel member 13. Therefore, a contact area
SS14 has a maximum size in the magnesium cell 3D.

As discussed above, the contact area SS is varied by selec-
tively driving the expansion driving members 1871-1875
corresponding to the separator chambers 12R1-12R5. When
the contact area SS is varied, the degree of chemical reaction
in the magnesium cell 3D changes. This enables the magne-
sium cell 3D to produce electric power depending on the
change.

Fifth Embodiment

FIGS. 8A-8C are diagrams illustrating a magnesium cell
3E according to the fifth embodiment of the present invention.

Referring to FIGS. 8 A-8C, the magnesium cell 3E includes
the positive electrode member 11, the separator 12, a fuel
member 132, and the negative electrode member 14.

The fuel member 13E includes a magnesium alloy. The fuel
member 13E is placed so as to come into contact with the
separator 12. The fuel member 13E is movable between the
separator 12 and the negative electrode member 14 while
maintaining contact therewith.

The fuel member 13E is sectioned into a used part 13S and
an unused part 13M based on the use history, and the middle
thereof'is a boundary KB. The fuel member 13E is configured
in such a manner that, when a part thereof contacting the
separator 12 is spent, the fuel member 13E is moved down-
ward in the drawing by manual operation or an appropriate
driving device, and thereby, the unused part 13M comes into
contact with the separator 12 to cause the chemical reaction
necessary as a cell.

The fuel member 13E is moved as discussed above, which
makes it possible to change an area in which the unused part
13M of the fuel member 13E contacts the separator 12, i.e.,
the contact area SS.

Referring to FIG. 8 A, the boundary KB is positioned in the
upper side. A contact area SS15 between the separator 12 and
the unused part 13M has a minimum size in the magnesium
cell 3E.

Referring to FIG. 8B, the boundary KB is positioned in the
middle. A contact area SS16 between the separator 12 and the
unused part 13M is larger than the contact area SS15.

Referring to FIG. 8C, the boundary KB is positioned in the
lower side. A contact area SS17 between the separator 12 and
the unused part 13M has a substantial maximum size in the
magnesium cell 3E.
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As discussed above, the contact area SS between the
unused part 13M and the separator 12 is varied by moving the
fuel member 13E. When the contact area SS is varied, the
degree of chemical reaction in the magnesium cell 3E
changes. This enables the magnesium cell 3E to produce
electric power depending on the change.

Embodiment of Magnesium Cell System

FIG. 10 is a block diagram showing an embodiment of a
magnesium cell system 1 using the magnesium cell 3A.

Referring to FIG. 10, the magnesium cell system 1 includes
the magnesium cell 3A, an electronic device DK which is a
loading device, and a control portion 30.

As described earlier with reference to FIG. 2, the magne-
sium cell 3A includes the positive electrode member 11, the
separator 12, the fuel member 13, the negative electrode
member 14, and the cam member 21. Further, a motor M1
functioning as a driving portion for rotating the cam member
21 and a gear 215 are provided. The contact area SS between
the separator 12 and the fuel member 13 of the magnesium
cell 3A is varied depending on the amount of rotation of the
motor M1 or the angle of rotation thereof, which controls the
electric power generation.

The electronic device DK is operable by using the magne-
sium cell 3A as a power source, and works by receiving the
power supplied from the magnesium cell 3A. Examples of the
electronic device DK are a personal computer, tablet PC,
mobile phone, smartphone, other terminal devices, commu-
nication device, data processing device, image display
device, and other devices.

The electronic device DK has a variety of operation modes
related to power consumption. The operation modes are, for
example, a normal mode, sleep mode, standby mode, and
power saving mode. The electronic device DK outputs, to the
control portion 30, a signal S1 indicating which of the opera-
tion modes is currently set.

The control portion 30 controls the motor M1 functioning
as the driving portion in accordance with the operation state
of the electronic device DK. The control portion 30 controls
the motor M1 in such a manner that the contact area SS in the
magnesium cell 3A is increased as the load by the electronic
device DK is increased.

The control portion 30 works by using the magnesium cell
3 A as a power source, and controls the angle of the rotational
position of the cam member 21 of the magnesium cell 3A
based on the signal S1 outputted from the electronic device
DK.

The control portion 30 controls the electric power genera-
tion of the magnesium cell 3A in accordance with the opera-
tion mode of the electronic device DK. Supposing that, for
example, the minimum value and the maximum value of the
electric power generation of the magnesium cell 3A are set at
0 (zero) and 100 respectively, the control portion 30 controls
the electric power generation to be an appropriate value of the
range from 10-100 in accordance with the operation mode of
the electronic device DK. The reason for setting the minimum
value of the electric power generation of the magnesium cell
3A at 10 is to ensure power necessary to operate the control
portion 30 itself.

The specific examples are as follows: The electric power
generation is set at 100 for the case where the electronic
device DK is put in the normal mode. The electric power
generation is set at 15 for the case where the electronic device
DK is put in the sleep mode or the standby mode. The electric
power generation is set at 10 for the case where the electronic
device DK is turned OFF.
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As discussed above, in the magnesium cell system 1, the
operation state of the electronic device DK is detected, the
detection signal thereof is used as a feedback signal, and the
angle of the rotational position of the cam member 21 in the
magnesium cell 3A which is the control target is controlled.
Then, control is so performed that the electric energy pro-
duced by the magnesium cell 3A has an optimum value with
respect to the electric energy consumed by the electronic
device DK and the control portion 30.

Inthe foregoing example, control is performed by using the
operation mode of the electronic device DK as a feedback
signal. Another control is possible in which current entering
to the electronic device DK is detected and the current value
is used as a feedback signal. Yet another control is possible in
which the motor M1 is so controlled that various parameters
such as electric power generation, output power, output cur-
rent, and output voltage of the magnesium cell 3A are made to
be close to the target values.

Inthe magnesium cell system 1, it is possible to use any one
of'the magnesium cells 3B-3E instead of the magnesium cell
3A. The loading device may be various electric products or
mechanical products other than the electronic device DK.

According to the magnesium cells 3, 3A-3E in the forego-
ing embodiments, it is possible to provide a magnesium cell
which allows for stable supply of necessary electric power
when needed, and also allows for efficient use of magnesium
fuel.

According to the foregoing magnesium cell system 1, it is
possible to control electric power generation of the magne-
sium cell 3A to have an optimum value in accordance with the
operation state of the electronic device DK functioning as a
loading device.

The present invention may be implemented by combining
two or more of the embodiments together.

While example embodiments of the present invention have
been shown and described, it will be understood that the
present invention is not limited thereto, and that various
changes and modifications may be made by those skilled in
the art without departing from the scope of the invention as set
forth in the appended claims and their equivalents.

What is claimed is:

1. A magnesium cell comprising:

a positive electrode;

a negative electrode including a magnesium alloy;

a separator disposed between the positive electrode and the

negative electrode to hold an electrolytic solution; and

a contact area varying unit configured to manipulate at least

a portion of the separator such that a contact area
between the negative electrode and the separator is var-
ied depending on an operation state of a loading device,
the loading device operating by electric power extracted
from the positive electrode and the negative electrode.

2. The magnesium cell according to claim 1, wherein

the separator is made of a porous material and holds the

electrolytic solution therein, and

when a pressing force is applied to the separator from the

positive electrode side to the negative electrode side, the
separator deforms elastically, and the contact area
between the negative electrode and the separator is vari-
able depending on an amount of the deformation of the
separator.

3. The magnesium cell according to claim 1, wherein

the separator includes a plurality of separator chambers

which are partitioned and provided on a plane along a
surface of the negative electrode, and

the contact area between the negative electrode and the

separator is variable by selectively supplying the elec-
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trolytic solution to the separator chambers to cause the
separator chambers to hold the electrolytic solution
therein.

4. The magnesium cell according to claim 1, wherein

the separator includes a plurality of separator chambers
which are partitioned and provided on a plane along a
surface of the negative electrode, and

the contact area between the negative electrode and the
separator is variable by selectively inserting a partition
member between the negative electrode and the separa-
tor chambers.

5. The magnesium cell according to claim 1, wherein

the separator includes a plurality of separator chambers
which are partitioned and provided on a plane along a
surface of the negative electrode, and

the contact area between the negative electrode and the
separator is variable by selectively moving the separator
chambers to a contact position with the negative elec-
trode or a spaced position from the negative electrode.

6. The magnesium cell according to claim 1, wherein

the negative electrode includes a fuel member that includes
a magnesium alloy and is contactable to the separator,
and a negative electrode member that is disposed to be in
contact with the fuel member, and

the fuel member is movable between the separator and the
negative electrode member while maintaining contact
therewith.
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7. The magnesium cell according to claim 6, wherein an
area in which an unused part of the fuel member contacts the
separator is variable by moving the fuel member.

8. A magnesium cell system comprising:

a magnesium cell including a positive electrode, a negative
electrode having a magnesium alloy, a separator dis-
posed between the positive electrode and the negative
electrode to hold an electrolytic solution, and a driving
portion for changing a contact area between the negative
electrode and the separator by manipulating at least a
portion of the separator; and

a control portion configured to control the driving portion
depending on an operation state of a loading device, the
loading device operating by electric power extracted
from the positive electrode and the negative electrode;
wherein

the control portion controls the driving portion in such a
manner that the contact area between the negative elec-
trode and the separator is increased as a load by the
loading device is increased.

9. The magnesium cell system according to claim 8,
wherein the control portion controls the driving portion
depending on an operation mode of the loading device.
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